In this issue of Neuron, Genovesio et al. report that neurons in the frontal cortex encode the relative duration of appearance of two sensory signals, together with the features of each signal. Such representations could provide a neural basis for episodic memory.
Time-interval detection is essential for the organization of behavior in the context of daily events (Buhusi and Meck, 2005) . Both frontal and parietal cortex have been implicated in processing temporal information in the range of seconds (Onoe et al., 2001) ; in these areas, neuronal activity encoding elapsed time (Leon and Shadlen, 2003) or indicating internal timegeneration (Mita et al., 2009 ) has been reported. These reports provide evidence that cortical structures participate along with subcortical structures in cognitively controlled (rather than automatic) time processing (Lewis and Miall, 2003) . In order for an organism to determine which of multiple objects is present for longer or shorter times, information about time intervals needs to be combined with object information. Combining different types of information in this way constitutes an essential component of episodic memory. In this context, Genovesio et al. (2009) take up the issue of feature-based temporal encoding by cortical neurons in a study in this issue of Neuron.
The authors report the activity of neurons in the frontal cortex that represent feature-and order-based timing. In their study, monkeys were presented with two successive visual signals (S1 and S2, Figure 1) separated by an intervening time interval (Delay 1). Each signal, either red or green, could appear for either a long or short time. The order of the color and duration of presentation varied in such a way as to constitute four permutations, as illustrated in Figure 1 . The duration of S1 and S2 were varied systematically to enable the analysis of responses to the relative duration of S1 and S2. After the second delay (Delay 2), the two signals were presented together, and the animal was required to report which signal (red or green) had lasted longer in the initial presentation by pressing an appropriate switch.
The investigators' main results are as follows. (1) Neuronal activity in the frontal cortex reflected signal duration, as well as its color and the order of presentation.
(2) Neuronal activity also encoded relative duration, indicating which signal was longer and which was shorter. (3) Over time within a trial, the activity reflecting the temporal relationship of S1 to S2 was replaced with activity reporting whether the red or blue signal had lasted longer.
The prefrontal cortex has long been thought to play a central role in processing information in order to regulate the temporal structure of behavior. The report by Genovesio et al. reveals a number of new aspects of prefrontal participation in the representation of the temporal components of behavioral events. First, during the encoding of timing information, prefrontal neurons were found to integrate three characteristics of the sensory signals: duration, order, and color. This means that information about signal duration, stored in the prefrontal cortex, is labeled with temporal-order information (cf. Ninokura et al., 2003) and featurecharacterizing information. Such multidimensional representation is necessary for the flexible and adaptive use of the prefrontal cortex (Duncan, 2001 ) in broad range of behavioral tasks, including feature-based timing detection. Second, the signal duration information was expressed as climbing or decrementing activity during the delay period, consistent with previous reports (Leon and Shadlen, 2003; Mita et al., 2009 ). The time course of this activity may be compatible with interval timing models, such as accumulators (Treisman, 1963) , state-dependent networks (Karmarkar and Buonomano, 2007) , or memory traces with multiple timescales. Third, a substantial population of neurons appeared to encode the relative duration of the two signals; i.e., whether the first or second was longer. Such a property of neuronal activity has been reported in the striatum (Chiba et al., 2008) , but not previously in the frontal cortex. The emergence of neuronal activity encoding relative duration is of interest because it is the result of a binary decision. Thus, the information undergoes a transition from parametric (signal duration) to binary encoding (which signal was longer). This finding recalls an earlier report (Romo et al., 1999) in which prefrontal neurons were shown to be initially engaged in parametric coding of somatosensory stimuli, but later to represent the result of the binary decision whether the first or second stimulus was higher in frequency. Thus, a transition from parametric to binary encoding seems to be a general property of the dynamic operation of the prefrontal cortex. The mechanism of how this transformation may occur remains to be deciphered. Finally, a finding of particular interest is that a substantial population of neurons encoded whether the red or green signal had lasted longer (see Figure 1, bottom) . This activity, encoding the relative duration of the two color signals, was found to replace the orderselective activity (which of S1 or S2 was longer). This activity is enhanced when the decision is required, reflecting the processing of information oriented to the goal of reporting the outcome of that decision.
Overall, the authors have succeeded in demonstrating that neural representations of goal-oriented temporal information undergo dynamical changes in the frontal cortex. Initially, temporal information about a stimulus is encoded parametrically based on its features and order of appearance. Next, this parametrically encoded information is transformed into the binary information encoding which stimulus lasted longer. Finally, the relative timing information is converted to featurebased timing information that is required for action selection. This information about the features of objects and their temporal relationship should also be crucial for forming episodic memory.
In this report, the authors found only modest differences between the response properties of prefrontal and peri-arcuate neurons. The similarity between these populations may indicate parallel processing of timing-related information in these two cortical areas. However, two factors may have precluded the discovery of regional differences. (1) The authors recorded mainly from the rostral part of premotor cortex that is closely linked anatomically with the prefrontal cortex (Tanji and Hoshi, 2008) . Neurons in caudal portions of the premotor cortex may exhibit different properties. (2) The periarcuate cortex from which they recorded included a substantial part of the frontal eye field that may have many properties in common with more rostrally situated prefrontal cortex.
One prominent finding of this report is the presence of neuronal activity in the frontal cortex that depends crucially on the nature of the behavioral requirement. In this case, the requirement that the animal report which color had lasted longer prompted the representation of featurebased timing. In contrast, the absolute time difference between the duration of two signals was apparently not encoded in neuronal activity. In view of the enormous versatility of the response properties of prefrontal neurons, however, it seems likely that this variable might be represented if animals were required to report the absolute difference. Among many future directions of great interest, it seems most worthwhile to investigate the issue of the coding of more abstract aspects of time information, such as in behavioral contexts requiring conceptual categorization (Shima et al., 2007) or strategy formation (Wise, 2008) in the temporal domain.
